Active Filtering using Wind Turbine Generator by Becan, Ali Fuat et al.
Worcester Polytechnic Institute
Digital WPI
Major Qualifying Projects (All Years) Major Qualifying Projects
April 2015
Active Filtering using Wind Turbine Generator
Ali Fuat Becan
Worcester Polytechnic Institute
Brian William Harvey
Worcester Polytechnic Institute
Minh Hong Nguyen
Worcester Polytechnic Institute
Follow this and additional works at: https://digitalcommons.wpi.edu/mqp-all
This Unrestricted is brought to you for free and open access by the Major Qualifying Projects at Digital WPI. It has been accepted for inclusion in
Major Qualifying Projects (All Years) by an authorized administrator of Digital WPI. For more information, please contact digitalwpi@wpi.edu.
Repository Citation
Becan, A. F., Harvey, B. W., & Nguyen, M. H. (2015). Active Filtering using Wind Turbine Generator. Retrieved from
https://digitalcommons.wpi.edu/mqp-all/62
 ACTIVE FILTERING USING WIND 
TURBINE GENERATOR 
A Major Qualifying Project submitted in partial fulfillment of the requirements for the Degree of 
Bachelors of Science in Worcester Polytechnic Institute 
By: 
Ali Fuat Becan 
Brian Harvey 
Minh Nguyen 
April 30th, 2015 
 
Project Adviser: 
Alexander Emanuel 
____________________ 
  
1 | P a g e  
 
Abstract 
The goal of this project was to design and model a mitigation system that provides electric energy to 
the grid while also injecting useful harmonics. Such harmonics are (180°) out of phase with the 
unwanted harmonics, injected by distributed generator such as wind turbines. This will allow the 
harmonics to destructively combine and produce a pure sinusoid output. Simulations proved that such 
an approach is feasible, with the remodeling of a 1.5 kW permanent magnet wind generator that 
provided electrical energy to the grid. 
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Executive Summary 
In recent years, there has been a great demand for sources of renewable energy. Worcester 
Polytechnic Institute (WPI) has continually encouraged students to pursue research in this field.  Since 
receiving a SWIFT wind turbine from National Grid back in 2008, the Electrical and Computer 
Engineering department at WPI has created numerous projects involving the generation of wind 
energy. 
Before this project began, the SWIFT wind turbine was in a state of disuse.  The inverter that was 
supposed to tie the energy from the turbine back to the gird was broken due to a missing fuse and the 
turbine itself had trouble catching the wind.  After inspecting the inverter and the turbine, we set the 
objective for this project.  The first objective was to design and build a new inverter system.  The 
second was to design a way to generate 3rd harmonic injected sinusoids.  The third objective was to 
design an active filter component which would eliminate unwanted 3rd harmonics from the power 
generated. 
The objectives that we set for ourselves were met.  We were able to design and build a new inverter 
system, we generated a 3rd harmonic injected signal, and we designed an active filter component. 
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I. Introduction 
The demand for alternative energy has been rapidly growing for centuries and even more so since the 
discovery of wind energy in the late 1800s. It was initially introduced to North American farmers as 
windmills that were used for pumping water and grinding grain. Denmark was one of the first 
locations to install what we are familiar with today, wind turbines. This design allowed owners to 
obtain energy from the wind by generating electricity through a unique rotor design and control 
system that converted the kinetic energy produced by the rotating blades of the turbine. The SWIFT 
turbine on the top of Atwater Kent building at Worcester Polytechnic Institute (WPI) contains a 
brushless permanent magnet generator (PMG) that produces AC power with every rotation. The AC 
power is then immediately rectified to DC power. 
 According to the U.S. Department of Energy, the production of wind energy in the U.S. 
increased from 1.5% to 4.5% between the years 2008 to 2013. It is projected that by the year 2030, 
20% of the U.S. energy will be produced by wind turbines. Thus, it is important to properly harness 
this energy. Although DC power is sufficient for some devices, in order to power a home or building, 
it is necessary to convert that power back to AC; such a procedure is done with inverters. There are 
two different types of inverters: one converts the DC to AC signal as a rectangular wave form, and the 
other converts the DC to AC sinusoid wave. The rectangular wave form still consists of some DC 
power and also produces some heat which results in power loss. The sinusoid wave is a pure AC 
signal that is compatible with the utilities in homes and buildings. Most devices require a pure 
sinusoid current to function properly.  Because of this, a high demand for inverters with a filter system 
was created.  Not all filter systems are perfect; some noise will eventually pass through the system 
and cause distortion in the sinusoid wave. 
 The goal of the project is to design an inverter that monitors the output wave after the initial 
filter. If harmonics are present, signals will be sent to counteract the distortion and recreate the pure 
sinusoid wave necessary to be supplied back to the grid. 
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II. Literature Review 
Power Inversion Operational Theory 
Generating Alternating Current (AC) from a Direct Current (DC) source requires a circuit system that 
repeatedly reverses the polarity or the direction of the distributed electric power. An H-Bridge, as 
shown in Figure 1, is a single phase switching system usually consisting of four switches/transistors 
and an output load. The incoming input from the node labelled ‘𝑉𝑆’ must flow back and forth across 
the output load of the system, in which the diagonal transistor pairs (S1-S4 pair and S2-S3 pair) must 
change states simultaneously. 
 
Figure 1: A standard H-Bridge configuration 
The DC input ‘𝑉𝑆’ across the ‘Output Load’ with the diagonal transistor pairs change states, 
generating a bipolar pulse, a continuous square wave (labelled 𝐼𝑅 in Figure 3) with a constant 
frequency. When the switches S1 and S4 as labelled in Figure 1 are ON (S2 and S3 OFF), the current 
will flow from node ‘Left’ to the node ‘Right’; when S2 and S3 are ON (S1 and S4 off), the current 
will flow from node ‘Right’ to the node ‘Left’. Figure 2 also displays the aforementioned principle 
operation of the inverter with logic signals 𝑣𝑆1, 𝑣𝑆2, 𝑣𝑆3, and 𝑣𝑆4, in which the diagonal pairs operate 
in the same regions to produce the current waveforms below the pulses. When the ‘Output Load’ is 
purely resistive, the output current waveform and output voltage waveform are determined as 
instantaneously switching pulses; however, when inductance is added in series with the resistance, the 
inductance adds a rate of change component to the output current and voltage waveforms. 
𝑉𝑅 = 𝐼 × 𝑅 = 𝑉𝑆 × (1 − 𝑒
−𝑡(
𝐿
𝑅)) 
𝑉𝐿 = 𝐿 ×
𝑑𝐼𝐿
𝑑𝑡
= 𝑉𝑆𝑒
−𝑡(
𝐿
𝑅) 
When an ideal voltage source is supplied to a circuit consisting of only an inductor without a 
resistance (𝑅 = 0), according to Ohm’s law, “the current would increase forever” [5]. The magnitude 
of the resistance determines the highest amplitude the energy charging in the inductor can reach. The 
S1
S2
S3
S4
Output_Load
Z=A+jB
Left Right
VS
Ground
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magnitude of the inductance 𝐿 determines the rate of change of the current, either with 
𝑑𝐼
𝑑𝑡
 or 𝑒−𝑡(
𝐿
𝑅
)
 
components. The higher the inductance is, the lower the rate of change.  
Figure 3 displays the supplied DC voltage 𝑉𝑆, the current through the ‘Output Load’ 𝐼𝑅 when the 
‘Output Load’ in Figure 1 is purely resistive, and the current through the ‘Output Load’ 𝐼𝐿 when a 
resistor and inductor are combined in series. The situation in Figure 3 takes place when the diagonal 
transistor pairs from Figure 1, S1-S4 and S2-S3, operate in opposite switch states. 
The pattern of the current waveform 𝐼𝐿 indicates that, for each alternating current direction, several 
increments of a more complex waveform can be generated.  
 
Figure 2: Pulse signals to trigger switch pairs S1 -S4 and S2-S3 
 
Figure 3: Current through resistive load 𝐼𝑅 and resistive-inductive load 𝐼𝐿  
The importance of any power system is distributing useful electric power and the magnitude of 
dissipated output power. When an output current operates at a steady state, the system will dissipate a 
large portion of the delivered power, resulting into excessive heat generation and loss of useful power 
for the grid. In Figure 4, the voltage across the resistive-inductive load (labelled 𝑣𝑠𝑤𝑖𝑡𝑐ℎ) now differs 
from 𝑣𝑆1, 𝑣𝑆2, 𝑣𝑆3, and 𝑣𝑆4 for the width of each pulse now automates. As the pulses change their duty 
cycle periodically, the inductor stores and discharges energy at differing durations. When both the ON 
10 | P a g e  
 
state and OFF state alternate across the resistance-inductance load, we can obtain a current output 𝐼𝐿, 
shaped as shown in Figure 3. However, with the pulse  
 
Figure 4: A pulse width modulated switching cycle  
Pulse Width Modulation 
In a resistance-inductance (RL) inverter, if the current output through the output load appears as 
shown by 𝐼𝐿 in Figure 2, then it can be inferred that complex current waveforms can be output with 
switching schemes that involve pulses of differing widths. Inductors resists the change in current, 
meaning that they build up or discharge energy, giving the opportunity to recreate new waveforms as 
such from the 𝐼𝐿 in Figure 4.  
 
Figure 5: The harmonics depiction (Fast Fourier Transform) of the ±10V (60 Hz) pulse  
Figure 5 contains the harmonics that form the 60 Hz square wave. The fundamental harmonic of a 
complex waveform is its 1st harmonic that determines the period of the entire signal, located at the left 
end of the frequency spectrum. When the other harmonics in an electrical system are involved, much 
higher electric power than the desired amount will be delivered, resulting in heat dissipation and loss 
of power. Pulse width modulation (PWM) is one of the principal techniques that help mitigate such 
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power losses; by generating a pulse whose duty cycle is automated throughout the periodic cycle, the 
average voltage applied to the output load can be reduced and even manipulated to form a sinusoid 
pattern. 
 
Figure 6: Average voltage difference in narrow pulse and wide pulse[1]  
Generating a pulse width modulated digital signal is possible through many techniques. In this 
project, we use comparators and a microcontroller to produce such signals. 
 
Figure 7: PWM technique with a comparator  
In Figure 7, a comparator takes in two signals to output a binary form from specific differential points 
(intersections of the two waveforms). The ‘Modulator’ should be a low frequency single sinusoid 
reference that defines both the overall output period of the pulses and the automation pattern of the 
pulses’ widths (or duty cycle). The ‘Carrier’ should be a high frequency triangular wave that defines 
the amount of pulses per cycle as well as the sampling rate to form the AC output through the 
Resistor-Inductor circuit (RL circuit). Since the output of power inverters are delivered to a grid of a 
certain utility frequency, the frequency of the ‘Modulator’ has to be equal to the utility frequency of 
the Americas’ grid, 60 Hz [3]. When designing the triangular signal, the goal is to choose a frequency 
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greater than 8000 Hz in order to approximate a purer sinusoid AC at the end. The rails VS+ and VS- 
indicate the voltage gate levels desired for the binary output. In Figure 8, the references labelled 
‘Modulator’ and ‘Carrier’ output the pulses ‘PWM High Side’ or ‘PWM Low Side’. 
Figure 8: Bipolar PWM scheme 
Bipolar vs. Unipolar 
 PWM can be formed in a few common spectral models, including bipolar modulation and 
unipolar modulation [2]. When testing out an inverter topology involving a resistor and an inductor 
from Figure 1, one can observe and compare the current and voltage levels and patterns to indicate 
which method is superior. In terms of performance comparisons of both PWM schemes [2], unipolar 
modulation usually proves to be the superior scheme in terms of efficiency and lower total harmonic 
distortion (THD).  
In a bipolar PWM scheme, one modulator and one carrier are used as shown in Figure 8. The 
‘Modulator’ is a low frequency sinusoid and the ‘Carrier’ a high frequency triangular both in the [-V, 
+V] amplitude range.  
In a unipolar PWM scheme, one can use two modulating references and one carrier reference, or one 
modulating reference and two carrier references. In the former scheme (Figure 9), the first modulator 
is a pure sinusoid signal while the second modulator is another sinusoid signal 2𝜋 off-phase from the 
first one; the carrier can be a bipolar triangular of [-V, +V] range. In the latter scheme, however, the 
two carriers operate around one specific pole, the first carrier at [0, +V] range and the second at [-V, 
0] range, as shown in Figure 10. 
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Figure 9: Waveforms of Unipolar Modulation former Scheme [2]  
 
Figure 10: Waveforms of Unipolar Modulation latter Scheme  
Atwater Kent SWIFT Wind Turbine 
The Atwater Kent SWIFT Wind Turbine was first donated and installed in 2008 by National 
Grid to the Electrical and Computer Engineering department at Worcester Polytechnic Institute. The 
intention of this donation was to promote projects related to renewable energy. The wind system 
would also supply enough energy back to the grid to reduce electricity cost for Atwater Kent. 
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Figure 11. SWIFT Wind System Design (From Owner’s Manual)  
 The SWIFT turbine’s layout is shown in Figure 11, in which the wind turbine runs a 3-phase 
generator that rectifies to a single phase output. The signal is then delivered to a DC isolator supplied 
by the turbine which allows the user to manually turn on, off, or reset the system. The inverter then 
converts the DC signals to an AC signal to supply back to the grid.  
Efficiency 
The SWIFT Wind Turbine harnesses a rated power output at 1.5kW and is estimated to 
supply up to 2000 kWh of yearly energy back to the grid. With the windmill’s brushless permanent 
magnet generator (PMG) and less than 35dB of noise across all wind speeds, the wind system is 
ideally built to run or charge any residential device.  
The Wind System’s Current State 
When the SWIFT turbine was originally donated, it was also given a 2 year manufacturing 
warranty that covered defects within material or workmanship by Cascade Renewable Energy. Lately, 
the loss of the turbine’s warranty prevented the department from conducting annual maintenance 
check. Although the generator of the turbine runs efficiently, the rotor and the pitch drive need to be 
renewed to spin more effectively under lower wind speed. The SWIFT should have a start up speed of 
2.3m/s based on the turbine’s owner’s manual [7]. The windmill, throughout this project, failed to 
receive enough wind to actually spin on its own. In recent events, we had to manually spin the turbine 
to record voltage and power data and we determine that the inverter, which converts the DC energy to 
AC, is not functioning correctly and causes a 25A fuse to break. With this finding, we wish to replace 
the current inverter without own design to continue supplying energy back to the grid. 
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III. Requirements & Specifications: 
Our senior project advisor Professor Emanuel tasked us to develop a unipolar pulse width modulated 
inverter that should incorporate an active filter unit. The active filter unit should incorporate an 
algorithm that collects the amplitude, frequency, and phase offset data of the unwanted harmonics that 
are present in the output current. The AC output signal has to be a pure sine wave so the system does 
not experience dissipation and power losses. However, inverters usually output AC current of 
complex waveform that consist of several sine waves called the harmonics of the waveform. The 
fundamental harmonic is the base harmonic present, the useful utility frequency, while the other 
harmonics result into the power dissipation and losses. 
Building a power inverter involved numerous electricity parameters, such that choosing control 
variables and independent variables was one of the challenges. In order to clarify our requirements, 
exemplary pure sine wave inverters have been referenced. Since the SWIFT wind turbine system is 
rated at 1500 Watts of power, we initially aimed to produce a system that could output as much as 
1500W, therefore we referred to an inverter of 1500W capacity. This inverter in particular was the 
PST-1500-12 model from Samlex America [6]. Based on the PST-1500-12 model’s specifications, our 
inverter design requirements include the following: 
• Nominal Input Voltage: 12 Volts DC 
• Target Output Voltage: 120 Vrms AC 
• Maximum load current of 12.5 A 
• Power rating of 1500 Watts 
• Average full load efficiency of 80% 
• Operating frequency of 60 Hz (Utility) and 3.8 kHz (Pulses) 
• Switches digitally controlled by programmable controller 
The nominal input voltage is the rectified DC input drawn into the H-Bridge of the system, as in 
Figure 1. The target output voltage is the utility AC voltage that could have been supplied to the grid. 
Arduino Uno is the programmable controller we use to fire pulse width modulated signals to the 
switches in the inverter. Due to Arduino Uno’s clock settings and limitations, the microcontroller can 
generate up to 62 per utility frequency cycle with control pulses of 50𝜇s to 205𝜇𝑠 duration.  With the 
identified pulse width lengths and amount, the analogous frequency of the ‘Carrier’ signal in the 
controller is precisely 3800 Hz, the frequency even the ‘Carrier’ signals in the simulations shall 
operate at. 
When a wind system incorporates no-load transformers, several odd numbered harmonics of the AC 
output tend to be delivered, which result into unwanted power dissipation. Via simulation, the 3rd 
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harmonic of the utility AC signal (180 Hz) is delivered to the load to implement an active filtering 
technique to mitigate the system output in the grid.  
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IV. Design & Implementation 
Rectifier 
The grid tie inverter component of the SWIFT wind turbine was installed in the AK317A chamber in 
Atwater Kent Laboratories to convert the wind energy from the SWIFT wind turbine into electrical 
energy. The conversion of wind energy to electrical energy first requires converting the multiphase 
AC source into a DC output, therefore the name rectifier (DC to AC converter). Since the rectifier 
component was already installed inside the grid tie inverter, we utilized the output nodes to both take 
voltage measurements from an oscilloscope and power our physical circuit board. 
 
Figure 12: Rectified DC Output from the Grid Tie Inverter  
Figure 12 illustrates a part of the output voltage level full-wave bridge rectified from the SWIFT wind 
turbine’s 3-phase PMG. Although the blades of the windmill spun not any faster than ~1
𝑟𝑎𝑑
𝑠
, we have 
a satisfactory rectified voltage range of [10, 15] Volts, which already includes the 12 V DC input 
signal we specified for the inverter. This rectifier has been simulated as shown in Figure 13 to replace 
the test input source of the inverter with the rectified signal of Figure 12.  
 
Figure 13: Schematic of the Rectifier Circuit  
D1 D2 D3
D4 D5 D6
RRec
1kΩ
CInv
1µF
INPUT
0
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120 Vrms 
60 Hz 
0° 
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120 Vrms 
60 Hz 
120° 
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60 Hz 
240° 
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CN
N
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Inverter 
Our unipolar, full bridge, pulse width modulated voltage source inverter design has been simulated 
first in National Instruments’ Multisim and then in Cadence Design Systems’ or CAD EE Pspice 
(Pspice in short). The circuit is intended to operate in high power levels, while encompassing the 
inverter with digitally controlled units. We first simulated the circuit using voltage controlled 
mechanical switches to form the bridge and comparators to provide pulse width modulated signals to 
trigger these switches, then we enhanced the design with insulated gate bipolar transistors (IGBT) and 
at least one 68.6 mm x 53.4 mm Arduino Uno microcontroller to achieve a higher power electric 
system. 
Figure 14: Schematic of the Inverter Circuit  
In our initial design, we used TIP31C NPN bipolar junction transistors (BJT) in combination with 
4N35 opto-isolators as the basis of our H-bridge.  Both the transistors and the opto-isolators were 
readily available to us, which allowed us to begin the preliminary testing of the Arduino code. As we 
progressed, the system demanded transistors that were capable of supporting higher electric power as 
well as performing efficiently at higher switching frequencies. The TIP31C only dissipates up to 40 
W. To prove that our design functions for the turbine on the roof of Atwater Kent, the transistors 
needed to be rated for at least 100 W.  We settled on purchasing the RJH60V1BDPP IGBT’s. The 
RJH60V1BDPP model is co-packaged with a fast recovery diode to minimize switching losses, which 
also reduces the components needed to protect the transistor from voltage transients.  
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Figure 15: The inverter on the circuit board  
The output of the H-bridge leads to a low resistance to supply current of large magnitude, and high 
inductance to resist instantaneous changes in current.  
Control Unit 
Pulse Width Modulation 
The PWM scheme is essential to generate as much increments in the output to form a clean AC 
output. The key elements in a PWM scheme are the frequencies of the reference signals. We set the 
‘Modulator’ signal into a 60 Hz sinusoid reference, so to both define the automation of the duty cycle 
of the pulses generated and the signal frequency of the output signal, the utility frequency of our 
system. The ‘Carrier’ signal defines the sampling rate of DC to AC conversion; the higher the 
frequency, the more pulses per 60 Hz generated, the more increments formed at the output to form a 
sinusoid, and thus the purer the AC output becomes. In terms of waveform, the ‘Carrier’ needs to be a 
triangular or sawtooth. Ideally, the frequency of the ‘Carrier’ should be higher than 8 kHz to attenuate 
the unwanted harmonics in the sinusoid output. However, due to state switch delays and even 
microprocessor clock limitations, only a specific maximum ‘Carrier’ frequency is possible. 
Figure 16 represents the analog equivalent of the unipolar pulse width modulation scheme. The 
comparators or operational amplifiers take in the ‘Modulator’ and ‘Carrier’ references to output 
binary pulses. The opto-isolators are needed to protect components from voltage overload, and the 
resistors before the Gate pins of IGBT’s also ensure the fired voltages turn off on the right time. 
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Figure 16: Unipolar Pulse Width Modulation Scheme using comparators  
Microcontrollers 
 
Figure 17: Arduino Uno Board and its pins 3, 5, 6, and 11 
 
When implementing a unipolar pulse width modulation (PWM) scheme, we needed to reduce the size 
of the pulse width modulation unit as established in Figure 16 into a digital signal generator. Initially, 
we implemented a 555 IC timer (LM555) to generate our digital control signal. With LM555, the 
output current waveforms measured at the bridge were shaped similarly to 𝐼𝑅 and 𝐼𝐿 in Figure 2. 
However, the 555 timers were incapable of modulating the duty cycle, so another solution was 
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required. Certain microcontroller boards are capable of generating any encoded digital signal. We 
used an Arduino Uno to generate unipolar PWM signals using four of the digital I/O pins. 
 
Figure 18: LM555 Timer voltage output pulses to the transistors  
To accomplish this, multiple steps were required.  The first was to set up the timing control using 
interrupts.  Because the Uno has a clock speed of 16 MHz, it ticks approximately every 62.5ns.  The 
given clock speed was too high for our needs, so we reduced this frequency by setting the Output 
Compare Register 1A (OCR1A) to trigger every 80 ticks.  This created an interrupt signal which 
pulses once every 5μs.  The 5μs interval was chosen to provide the microprocessor enough time to 
process other code.  Faster interrupts were attempted, but we experienced conflicts with the output 
signals. The microprocessor still had to execute all the remaining code in between the interrupts.  
When interrupting every 1μs, the microprocessor did not have enough time in between interrupts to 
execute the rest of the code.  As a result we ended up skipping pulse durations which resulted in an 
unfavorable set of pulses. Since we were able to determine how often the interrupt will be triggered at 
the correct time, we needed to decide how long to hold the minimum and maximum pulses.  We 
required the final output from the board to take a total of 16.67ms to complete a full cycle which 
results in a frequency of 60Hz.  Since we were using two pairs of transistors, we needed one set to 
operate from low to high to low in a period of approximately 8.3ms.  Knowing this and the fact that 
longer pulse durations result in a lower average voltage, we worked through some basic summation to 
find a set of numbers that would work.  We also decided to change the durations by 5μs every time so 
to display a greater variation in the pulses.  In the end, the number set that we settled on was to go 
from 205μs down to 50μs and then back up to 205μs.  This resulted in a period of approximately 
8.125ms for one set of transistors.  This was then repeated for the second set of transistors. 
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The next task with the microcontroller design was to set up proper control over the outputs so the 
correct transistor pair would be trigger at the correct time.  For the most part, this was implemented by 
controlling three variables: pwmState, flag1, and secondTime (Appendix C).  The variable pwmState 
controlled which pair of transistors would be switching.  pwmState was only changed after the output 
had completed the full high-low-high cycle.  Variable flag1 controlled when the pulses needed 
updating, either setting the output ON or OFF.  This variable was set to 1 when the interrupt counter 
(subCounter) reached the correct duration for the pulses and set to 0 after the changes to the output 
had been made. secondTime controlled whether or not the next flag1 was going to turn the output ON 
or OFF.  If secondTime was set to 0, the next output would turn ON.  The inverse was also true. 
secondTime was set at the same time that flag1 was set to 0, except instead of setting it always to 0, 
the value of the variable was inverted. 
The next part in programming the Uno was to go a step further and generate a sine wave with a 3rd 
harmonic.  To accomplish this, there were two modifications that needed to be made to the code.  The 
first was that we needed to create look-up tables for the pulse durations.  There were two different 
tables, one for the HIGH duration and one for the LOW duration.  This allowed for control over the 
duty cycle by manipulating the durations separately.  With the duty cycle and the pulse durations 
varying, a sine wave with a 3rd harmonic injected was able to be approximated.  In order to control the 
phase of this wave, the variables i and pwmState would have to be changed from their default values.   
Active Filter 
The active filter component at the secondary coil has been constructed to function as an oscilloscope, 
a fast-fourier-transformer, a harmonic partials detector, and finally a reactive power compensator.  
The overall idea for this active filter design is to have it monitor our output signal after it has been 
converted from DC to AC power in order to detect of any distorted signal. The active filter would 
have the ability to monitor our output signal using the Arduino. In order for the Arduino to detect 
harmonics within our signal, we would first have to set a library in the Arduino so it would recognize 
all the harmonic patterns that might pass our system. If no harmonic is detected and the output is a 
pure sinusoid, it’ll let the signal pass to the grid. If harmonics were to be detected, the Arduino would 
measure the amplitude and send a 180 degree out of phase harmonic in order to obtain out pure 
sinusoidal wave output.  
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V. Test results 
 
Parameter Name Abbreviation Value Unit 
H-Bridge Resistor Rout 1 Ω 
H-Bridge Inductor Lout 0.1 𝐻 
Transformer Ratio T1 1: 4  
‘Modulator’ Frequency Sin_1 60 𝐻𝑧 
‘Carrier’ Frequency Tri_f 3800 𝐻𝑧 
    
Table 1: Set control variables of the Inverter 
Pulse Width Modulation (Microcontroller) 
In order to test the Arduino board, we connected the microcontroller to an oscilloscope.  The result 
from testing the pure sinusoid wave control signals is below in Figure 19.  These signals are sent into 
the opto-isolators which in turn trigger the transistors.  These signals are also a rough estimate of what 
the voltage over the load would look like.  We can approximate pure sinusoid wave from the amount 
of energy that is contained in each pulse. 
 
Figure 19: Half cycle pure sinusoid control signal outputs 
Figure 19 specifically highlights the control signals for Q1 and Q2 (yellow and blue).  The period of 
this half cycle is 8.24ms.  It can be inferred that a full cycle would display a period of 16.48ms, and an 
output frequency of 60.68Hz.  When compared to the ideal utility frequency of 60Hz, the system is 
off with 1.13% margin of error from achieving perfect functionality. 
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Testing the sine wave injected with a 3rd harmonic is the same method as before.  After connecting the 
Uno to the oscilloscope, we saw the image displayed in Figure 20. 
 
Figure 20: Half cycle 3 r d  harmonic injected sinusoid control outputs 
The injection of the 3rd harmonic is noticeable due to the varying duty cycle.  This is most noticeable 
in CH1 which has a vastly different duty cycle than the pure sine wave control in Figure 19.  The 
period of one half cycle for this output is 8.2ms.  This results in a full cycle period of 16.4ms.  That 
gives us an output frequency of 60.98Hz.  The percent error calculated against an ideal 60Hz signal is 
1.63%.  
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Inverter Simulation (Pspice) 
Appendix B lists the PSpice simulation of the entire system, including the rectifier, inverter, and pulse 
width modulation. When running the entire simulation, the pulse width modulation parameters were 
set to replicate the scheme we could produce with the Arduino Uno board. 
 
 
 
Figure 21: Output Current through the H-Bridge at 3800 Hz ‘Carrier’  (Arduino  
frequency) 
 
 
 
 
 
Figure 22: Fast-Fourier-Transform of Output Current through the H-Bridge at 3800 Hz 
‘Carrier’ (Arduino  frequency) 
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Figure 23: Pulse Width Modulation Simulated in PSpice  
 
Figure 24: Voltage across the H-Bridge nodes ZL and ZR and RL Load Output Current  
Active Filtering Test  
Although we were unable to run actual tests with the active filtering component in the 
physical circuit board, we were at least able to simulate the design using Pspice. We first simulated 
the output we would obtain after the H-Bridge and the result was a pure sinusoid current. In order to 
simulate our active filter component, we intentionally injected a 3rd harmonic onto the 60 Hz 
‘Modulator’ sinusoid (from Figure 8) as shown in Figure 25. 
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Figure 25: 60 Hz ‘Modulator’ reference injected with 180 Hz harmonic ;  and the pulses 
generated with such a reference pattern.  
After putting the wave from Figure 25 into a comparator with a triangle wave, we obtained a 
distorted wave form shown in Figure 26 which contains the 3rd harmonic. This will be an example of 
a 3rd harmonic passing through our system and effecting our current signal. In order to prove that our 
active filter component would work, we added a 180 degree harmonic out of phase, but with equal 
amplitude to the signal from Pspice and successfully eliminated the 3rd harmonic through destructive 
combination of the two harmonics. This resulted in the pure sinusoid current wave that we need to be 
compatible to the grid shown in Figure 27. 
 
Figure 26: The RL load Output Current waveform through the injected 3rd harmonic  
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Figure 27: 3 rd harmonic Current signal (180 Hz) to clean up the AC Output  
Harmonic Frequency (Hz) Amplitude (Amps) 
N=1 (Fundamental) 62.443 0.337143 
N=3 175.079 0.051312 
Table 3: 3 rd harmonic current compensation signal and displayed values of Frequency 
and Amplitude 
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VI. Conclusion & Future Recommendations 
Overall, the project as a whole went mostly according to plan. We were able to successfully take the 
rectified signal from the SWIFT turbine and convert that DC power to a useable AC power, in order 
to be compatible to the grid. The H-Bridge design and the unipolar PWM technique using the Arduino 
allowed us to achieve successful results. We incorporated a filter load for our H-Bridge that did a fair 
job at filtering the current output to produce a pure sinusoid wave. 
Although we were unable to implement the active filter component into our physical circuit model 
due to time constraints, we were at least able to simulate the active filter component in Pspice to 
demonstrate that an injected 3rd harmonic within the 60 Hz ‘Modulator’ of the PWM component could 
be eliminated by injecting another 3rd harmonic 180° out of phase.  
For future recommendations, the blades of the turbine should be reinforced with bearings or the 
equivalent in order to rotate and produce energy during low wind periods. Also, for the active filter 
component, instead of simulation, the system can actually be implemented using a type of 
microprocessor similar to Arduino. In theory, we could have programmed the Arduino to incorporate 
a library list of all the harmonics that could be passed through the filter load and allow the Arduino to 
continuously detect distortion. If distortion were to be detected, then the Arduino would feed forward 
pulses to attenuate the harmonics. If the output is already a pure sine wave, then the Arduino will let 
the wave pass through to the grid. 
In addition, the overall power quality of the design could have been more efficient using a higher 
power rated resistor as the load; although we employed a TEH100M1R00FE resistor, it turned out 
that majority of the manufactured high power resistors’ terminals were incompatible with the 
breadboards we tested in. This resulted us to use the low-power high-resistance resistors we have in 
our initial design.  
If all the requirements of the active filter wind system were satisfactorily met, we could have 
continued to reinforce the system with DC to DC converters such as Buck or Boost converters to 
boost one of the electric power parameters as well dwelled on the thermodynamics aspects of each 
component utilized. 
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Appendix A: Wind Conversion System Schematic 
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Appendix B: Inverter Pspice Script 
**********Rectifier********************** 
CInv INPUT 0 1u 
Rrec INPUT 0 1k 
 
xV1 AN BN CN 3PHDELTAV1 
.SUBCKT 3PHDELTAV1 1 2 3  
V1 1 2 ac 1 0 sin(0 {170/(7*sqrt(2))} 60 0 0 0) 
V2 2 3 ac 1 0 sin(0 {170/(7*sqrt(2))} 60 0 0 120) 
.ENDS 
 
D6 0 CN REC 
D5 0 BN REC 
D4 0 AN REC 
D3 CN INPUT REC 
D2 BN INPUT REC 
D1 AN INPUT REC 
 
.MODEL REC D(IS=18.8n RS=0 BV=600 N=1)  
***********Inverter*********************** 
*Vinv 1 0 {Vdc}  
Einv 1 0 VALUE={V(INPUT)} 
 
S1  1 ZL HI1 0 TRNSS  
S2  ZL 0 LO1 0 TRNSS  
S3  1 ZR HI2 0 TRNSS  
S4  ZR 0 LO2 0 TRNSS  
 
*When The Output Load is Resistive  
;Rout ZL ZR 1  
*When the Output Load is RL    
Rout  ZL  H  1 
Lout H L 100m IC=0    
L1  L ZR 100m IC=0 
L2   G1 0  400m  IC=0   
K    L1 L2  0.999999999   
Rg1  G1 G2  0.1 
Rg2  G2 G3 0.1 
Vg  G3 0 1 
 
*********Mechanical Switch Protection****************  
Csn1 1 S1 2.65u IC=0  
Dsn1 ZL 1 SNUB  
Rsn1 S1 ZL 1000  
 
Csn2 ZL S2 2.65u IC=0  
Dsn2 0 ZL SNUB  
Rsn2 S2 0 1000  
 
Csn3 1 S3 2.65u IC=0  
Dsn3 ZR 1 SNUB  
Rsn3 S3 ZR 1000  
 
Csn4 ZR S4 2.65u IC=0  
Dsn4 0 ZR SNUB  
Rsn4 S4 0 1000  
 
************Active Filtering********************************* 
;Iaf  0 G2 SIN(0 {sinamp/(4.9)} {sin3} 0 0 {deg-180})  
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************Pulse Width Modulation*************************  
Vsn1 SIN3  0  SIN(0 {sinamp} {sin1})  
;Vsn3 SIN   SIN3  SIN(0 {sinamp/1.9} {sin3} 0 0 {deg})  
Vsn3 SIN   SIN3  SIN(0 0 {sin3})  
 
Vtr1 TRI    0   PULSE(0 10 0 {1/(2*tri)} {1/(2*tri)} 1n {1/tri})  
Rc1  SIN TRI 1meg  
Vtr2 TRI2   0   PULSE(0 -10 0 {1/(2*tri)} {1/(2*tri)} 1n {1/tri}) 
Rc2  SIN TRI2 1meg  
 
EPN1 10 0 TABLE {V(SIN,TRI)}= -10,0  -0.0001,0  0.0001,10  10,10  
Rop1 10 11 100     
Rvd1 11 0 1t     
C1  11 0 0.01u IC=0  
E1  HI1  0 VALUE={V(11)}  
 
EPN2 20 0 TABLE {V(SIN,TRI)}= -10,10  -0.001,10  0.001,0  10,0  
Rop2 20 21 100     
Rvd2 21 0 1t     
C2  21 0 0.01u IC=0  
E2  LO1  0 VALUE={V(21)}  
 
EPN3 30 0 TABLE {V(SIN,TRI2)}= -10,10 -0.0001,10  0.0001,0  10,0  
Rop3 30 31 100     
Rvd3 31 0 1t     
C3  31 0 0.01u IC=0   
E3  HI2  0 VALUE={V(31)}  
 
EPN4 40 0 TABLE {V(SIN,TRI2)}= -10,0  -0.001,0  0.001,10  10,10  
Rop4 40 41 100     
Rvd4 41 0 1t     
C4  41 0 0.01u IC=0  
E4  LO2  0 VALUE={V(41)}  
 
.MODEL TRNSS vswitch(VON=10 VOFF=0 RON=10m  ROFF=1G)  
.MODEL SNUB D(IS=18.8n RS=0 BV=600 N=1)  
**************************************************************************  
.OPTIONS ABSTOL=1n RELTOL=0.01  
.PARAM Vdc=12 sinamp=9 sin1=60 sin3=180 tri=3800 deg=0 
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Appendix C: Arduino Code for Pulse Width Modulation 
//Output pins 
const int Q1 = 5; 
const int Q2 = 6; 
const int Q3 = 3; 
const int Q4 = 11; 
 
void setup(void) { 
  pinMode(Q1, OUTPUT); 
  pinMode(Q2, OUTPUT); 
  pinMode(Q3, OUTPUT); 
  pinMode(Q4, OUTPUT); 
   
  cli();//stop interrupts 
   
  //set timer1 interrupt at 1000000Hz 
  TCCR1A = 0;// set entire TCCR1A register to 0 
  TCCR1B = 0;// same for TCCR1B 
  TCNT1  = 0;//initialize counter value to 0 
  // set compare match register for 1hz increments 
  OCR1A = 79;// = [(16*10^6) / (1*1000000)] - 1 (must be <65536) 
  // turn on CTC mode 
  TCCR1B |= (1 << WGM12); 
  // Set CS12 and CS10 bits for 1024 prescaler 
  TCCR1B |= (1 << CS10);   
  // enable timer compare interrupt 
  TIMSK1 |= (1 << OCIE1A); 
   
  sei();//allow interrupts 
} 
 
int pwmState = 0; //0 - Q1 and Q2 are oscillating  1 - Q3 and Q4 are 
oscillating 
int delayDir = 1; //0 - The count is increasing  1 - The count is 
decreasing 
int delayCounter = 41; //Counter for the delay/hold 
volatile int subCounter = 0; //Sub-counter for delayCounter 
volatile int flag1 = 0; //Flag indicating when subCounter equals the 
delayCounter 
int secondTime = 0; //Flag indicating the second time on a hold value 
 
//timer1 interrupt 200000Hz 
ISR(TIMER1_COMPA_vect){ 
  subCounter++; 
} 
 
void loop(void) { 
  if(subCounter >= delayCounter) { 
    flag1 = 1; 
    subCounter = 0; 
    if(delayDir) { 
      delayCounter--; 
    } 
    else { 
      delayCounter++; 
    } 
  } 
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  if((!delayDir) && (delayCounter >= 41)) { 
    pwmState = !pwmState; 
    delayDir = 1; 
  } 
  if(delayDir && (delayCounter == 10)) { 
    delayDir = 0; 
  } 
  if(!pwmState) { 
    if(flag1 && !secondTime) { 
      digitalWrite(Q1, LOW); 
      digitalWrite(Q2, HIGH); 
      digitalWrite(Q3, LOW); 
      digitalWrite(Q4, HIGH); 
      secondTime = !secondTime; 
      flag1 = 0; 
    } 
    if(flag1 && secondTime) { 
      digitalWrite(Q1, HIGH); 
      digitalWrite(Q2, LOW); 
      digitalWrite(Q3, LOW); 
      digitalWrite(Q4, HIGH); 
      secondTime = !secondTime; 
      flag1 = 0; 
    } 
  } 
  if(pwmState) { 
    if(flag1 && !secondTime) { 
      digitalWrite(Q1, LOW); 
      digitalWrite(Q2, HIGH); 
      digitalWrite(Q3, LOW); 
      digitalWrite(Q4, HIGH); 
      secondTime = !secondTime; 
      flag1 = 0; 
    } 
    if(flag1 && secondTime) { 
      digitalWrite(Q1, LOW); 
      digitalWrite(Q2, HIGH); 
      digitalWrite(Q3, HIGH); 
      digitalWrite(Q4, LOW); 
      secondTime = !secondTime; 
      flag1 = 0; 
    } 
  }   
} 
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Appendix D: Arduino Code for 3rd Harmonic Injection 
//Output pins 
const int Q1 = 5; 
const int Q2 = 6; 
const int Q3 = 3; 
const int Q4 = 11; 
void setup(void) { 
  pinMode(Q1, OUTPUT); 
  pinMode(Q2, OUTPUT); 
  pinMode(Q3, OUTPUT); 
  pinMode(Q4, OUTPUT); 
cli();//stop interrupts 
//set timer1 interrupt at 1000000Hz 
  TCCR1A = 0;// set entire TCCR1A register to 0 
  TCCR1B = 0;// same for TCCR1B 
  TCNT1  = 0;//initialize counter value to 0 
  // set compare match register for 0.2MHz increments 
  OCR1A = 79;// = [(16*10^6) / (1*200000)] - 1 (must be <65536) 
  // turn on CTC mode 
  TCCR1B |= (1 << WGM12); 
  // Set CS12 and CS10 bits for 1 prescaler 
  TCCR1B |= (1 << CS10);   
  // enable timer compare interrupt 
  TIMSK1 |= (1 << OCIE1A); 
   
  sei();//allow interrupts 
} 
int pwmState = 0; //0 - Q1 and Q2 are oscillating  1 - Q3 and Q4 are 
oscillating 
//int delayDir = 1; //0 - The count is increasing 1 - The count is 
decreasing 
volatile int i = 0; //Current index for the arrays 
//int delayCounter = 41; //Counter for the delay/hold 
volatile int subCounter = 0; //Sub-counter for delayCounter 
volatile int flag1 = 0; //Flag indicating when subCounter equals the 
arrayHigh[i] value 
volatile int flag2 = 0; //Flag indicating when subCounter equals the 
arrayLow[i] value 
int secondTime = 0; //Flag indicating the second time on a hold 
value 
int arrayHigh[48] = 
{2,5,11,18,19,25,28,30,32,28,25,22,19,16,14,12,11,10,9,9,8,8,7,7,8,8
,9,9,10,11,12,14,16,19,22,25,28,32,30,28,25,19,18,11,5,2}; //Counts 
for HIGH pulses 
int arrayLow[48] = 
{38,34,27,19,17,10,6,3,0,2,4,6,8,10,11,12,12,11,10,9,9,8,8,7,7,8,8,9
,9,10,11,12,12,11,10,8,6,4,2,0,3,6,10,17,19,27,34,38}; //Counts for 
LOW pulses 
 
//timer1 interrupt 200000Hz 
ISR(TIMER1_COMPA_vect){ 
  subCounter++; 
} 
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void loop(void) { 
  if((subCounter >= arrayHigh[i]) && !secondTime) { 
    flag1 = 1; 
    subCounter = 0; 
  } 
  if((subCounter >= arrayLow[i]) && secondTime) { 
    flag2 = 1; 
    subCounter = 0; 
    if(i == 47) { 
      pwmState = !pwmState; 
      i = 0; 
    } 
    else { 
      i++; 
    } 
  } 
  if(!pwmState) { 
    if(flag1 && !secondTime) { 
      digitalWrite(Q1, LOW); 
      digitalWrite(Q2, HIGH); 
      digitalWrite(Q3, LOW); 
      digitalWrite(Q4, HIGH); 
      secondTime = !secondTime; 
      flag1 = 0; 
    } 
    if(flag2 && secondTime) { 
      digitalWrite(Q1, HIGH); 
      digitalWrite(Q2, LOW); 
      digitalWrite(Q3, LOW); 
      digitalWrite(Q4, HIGH); 
      secondTime = !secondTime; 
      flag2 = 0; 
    } 
  } 
  if(pwmState) { 
    if(flag1 && !secondTime) { 
      digitalWrite(Q1, LOW); 
      digitalWrite(Q2, HIGH); 
      digitalWrite(Q3, LOW); 
      digitalWrite(Q4, HIGH); 
      secondTime = !secondTime; 
      flag1 = 0; 
    } 
    if(flag2 && secondTime) { 
      digitalWrite(Q1, LOW); 
      digitalWrite(Q2, HIGH); 
      digitalWrite(Q3, HIGH); 
      digitalWrite(Q4, LOW); 
      secondTime = !secondTime; 
      flag2 = 0; 
    } 
  }   
} 
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Appendix E: Parts List 
Item Cost Per Unit Quantity Total Cost 
RJH60V1BDPP,  
IGBT 
$2.12 4 $8.48 
4N35, Optocoupler $0.43 4 $1.72 
TEH100M1R00FE, 
Power Resistor 
$11.13 3 $33.39 
Arduino Uno $21.16 1 $21.16 
 
Principal Total Price: $64.75  
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